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ABSTRACT 
To determine the rate of maturation of MCV in vivo, we injected tritiated thymidine 
intradermally into 23 lesions of molluscum contagiosum and obtained biopsies at intervals 
from 1 hour to 8 days later. The tissues were processed for electron microscopic 
autoradiography, and the patterns of viral maturation were determined by the localization of 
silver grains over developing virions at different time intervals. 
The findings demonstrate that maturation of molluscum contagiosum (MCV) in vivo is 
asynchronous. Some virions mature rapidly, within 1 to 2.5 hours, but the majority mature 
more slowly; 94 percent are mature in 5 days . A comparative study revealed that maturation 
of virions in infected cells occurred more rapidly in the granular layer than in the malpighian 
layer. 
Uncoated virions in newly infected cells were seen in viable epidermal cells in all layers, 
including dividing basal cells. "Second-stage uncoating" together with "viral factory" 
formation were observed only in malpighian cells at the time intervals examined. 
Molluscum contagiosum virus (MCV) is classi-
fied as a poxvirus on the basis of morphologic 
characteristics. Schemes of pox virion develop-
ment have been detailed [1, 2] and similar 
schemes described for MCV [3-5]. Maturation 
requires only a few hours for vaccinia [6) but takes 
much longer for other poxviruses [7-9]. 
This electron microscopic autoradiographic 
study was designed to determine the rate of 
maturation of MCV in vivo. It also provided 
information on which cells become infected in vivo 
and on the relationship of virus maturation to 
infected cell movement in different epidermal cell 
layers. 
MATERIALS AND METHODS 
Twenty-three lesions of molluscum contagiosum were 
injected intradermally with 10 to 20 J.l.C of tritiated 
thymidine (TdR-H'lt (12 to 15 Ci/mM) in 0.1-0.2 ml 
sterile saline. At intervals from 1 hour to 8 days later, the 
lesions were removed completely, diced and fixed over-
night in cold ( 4 o C) 3.5% glutaraldehyde buffered to pH 
7.4 with 0.05 M phosphate buffer containing 1% sucrose. 
The specimens were then washed in three changes of0.05 
M phosphate-buffered 1% sucrose solution and postfixed 
for 2 hours in 2% osmium tetroxide buffered to pH 7.4 
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with phosphate. After dehydration the tissues were 
embedded in a mixture of Epon and Araldite and cut at I 
J.l. and 600 to 800 A on a Reichert ultratome. Thick 
sections were stained with toluidine blue, pH 8.7, and 
were examined by light microscopy to select suitable 
blocks for electron microscopy. 
For autoradiography, thin sections were placed on 
formvar-coated stainless steel grids and covered with a 
thin layer of IIford L-4 emulsion by a modification of the 
loop method of Caro and Tubergen [10]. Two water baths 
( 4 ° and 19° C) were used to insure that the emulsion 
remained at a consistency which gelled instantly in the 
loop. The grids were air dried and exposed in dark plastic 
boxes, each containing a bag of Drierite, at 4° C for 8 to 
10 weeks. Films were developed in freshly prepared 
Brussels Amidol for 5 minutes at 20° C and fixed for 1 
minute in Edwal Quick Fix. After washing, the tissues 
were stained with uranyl acetate and lead citrate and 
examined on a Siemens Elmiskop 1-A. 
Photographs were taken at random in the cytoplasmic 
areas of infected cells in malpighian, granular, and horny 
layers which contained 4 to 15 silver grains per field. The 
primary magnification on the screen varied from 6,000 to 
11,000. Cytoplasmic grains were always limited to areas 
containing MCV, and background was essentially zero 
except in some IO-week specimens which were heavily 
and diffusely labeled. These grids were discarded . 
Localization of silver grains in electron micrographs 
was carried out by the method of Ross and Bend itt [11]. 
In general, this was not difficult because most grains 
were nearly the size of the virus particles, and the MCVs 
tended to segregate according to their stage of develop-
ment. The stages were scored by the maturation scheme 
of Avakyan and Bykovsky [1] into : (a) without mem -
brane, (b) open cavity, (c) single cavity, and (d) double 
cavity forms. At times the more complicated scheme of 
Dales and Siminovitch [2] was used to carefully define 
the final stages of maturation. The time periods selected 
for study were : I, 2.5, 19 to 24, 42, 65 and 120 hours, and 6 
to 7 days after TdR-H' injection. Between 320 and 540 
grains were counted for each time period . 
Other observations included: (1) a search for labeled 
uncoated MCV in newly infected cells, and (2) com para-
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TABLE I 
Time after 
TdR-H ' WM 
of grains 
% 
1 (5)t 239 (71%) 
2)1 ( 1) 137 (43%) 
19-24 (3) 181 (38%) 
42 (4) 47 (9%) 
65 (2) 11 (3%) 
120 (3) 1 
144-168 (5) 0 
*Stages: WM-without membrane 
OC-open cavity 
SC-single cavity 
DC-double cavity 
NI-not identified 
t Number of specimens 
oc 
of gra ins 
% 
55 (16%) 
73 (23%) 
90 (19%) 
613 (12%) 
20 (6%) 
0 
0 
FIG. 1. Electron microscopic autoradiograph 
(EMARG) of a malpighian cell 1 hr after injection of 10 
p.c TdR-H'. The amorphous electron-dense " viral facto-
ry" is well delineated, with silver grains scattered 
throughout. x 11,200. This and all subsequent EMARGs 
were stained with uranyl acetate and lead citrate. 
tive analysis of the localization of grains over MCV in the 
malpighian and granular layers 2.5 hours after injection 
of TdR-H'; and in the malpighian, granular, and horny 
layers 19 to 24 hours after TdR-H ' injection. 
Stage* 
Total 
sc DC Nl grains 
of grains of grains of grains counted 
% % % 
30 (9%) 9 (2%) 4 (1%) 337 
48 (15%) 60 (19%) 2 320 
82 (17%) 115 (25%) 3 472 
100 (18%) 321 (59%) 9 (2%) 540 
21 (6%) 280 ,(84%) 2 334 
12 (3%) 32(> (94%) 9 (2%) 347 
25 (5%) 440 (94%) 6 (1%) 470 
FIG. 2. EMARG of an infected cell in the malpighian 
layer 2.5 hr after injection of TdR-H' reveals labeling 
over mature as well as immature virions. x 15,000. 
RESULTS 
Localization of silver grains. In Table I are the 
data concerning the distribution of silver grains 
over the various maturation stages of MCV. These 
grains were counted in the lowermost labeled cells 
at the indicated times after injection of TdR-H'. 
At the earliest time period sampled ( l hnurf. 71 
percent of the grains appeared over the "viral 
factory" (Fig. U. which in the lowermost malpigh -
ian cells was seen frequently as an amorphous. 
electron-dense area of the cytoplasm devoid of 
maturing particles. In the granular layer the .. tar -
tory" also could be detected as an amorphous area, 
but it was always associated with various stages of 
viral maturation, indicating that new viral DNA 
synthesis co-existed side-by-side with maturing 
virus. The remaining !{rains were found over all 
other stages, especially the relatively immature 
particles with open cavities. In fact. when the 
criteria of Dales and Siminovitch l2l were applied. 
it was found that no silver grains appeared over the 
most mature virions (stage 9f. 
By 2.5 hours after injection of TdR-H 3 the 
percentage of silver grains over the naked virions 
in the ··viral factor)· .. had fallen to 4:1 pen·ent ; 19 
percent were distributed over double cavity forms 
(Fig. 2f including 1:3 percent over the mature 
virions (stage 9). At 19 to 24 hours after injection, 
only slight changes had occurred. with a drop in 
the number of labels over the ··tactory" and a 
slight rise over the more mature virions. 
At 42 hours and 65 hours after TdR-H 3 , grains no 
longer were seen over infected cells in the malpigh-
FIG. 3. EMARG of an infected cell in the granular layer 
42 hr after injection of TdR-H•. Gmins appear over 
double cavity (DCf. single cavity (SCl. and open ca\•ity 
(0C) forms. · 17,0(X). 
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:· ~\tl 
~ 
~: .. 
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FIG. 4. EMARG tl-1 hr after injection of TdR-H' 
shows majority of grains over double cavity forms . 
17.000. 
ian layer. as the labeled cells had moved outward. 
All counts were made in the granular layer. The 
percentage of grains over the mature stages was 
increased to 59 and 84 percent respectively, with 
concomitant drops over the "factory" (Figs. :1 
and 41. At 5 days, labeled MCVs were counted at 
the border of the granular and horny layers; 
essentially no silver grains were seen over the 
"factory" and 94 percent occurred over double 
cavity fMms. 
By 6 to 7 days. grains were observed only in the 
horny layer; again 94 percent appeared over fully 
formed virions, indicating the efficiency of incor-
poration of viral DNA into mature virions in MCV 
when 5 days are allowed for development 1. Fig. 5). 
Uncoated virions in epidermal eel/.~. Numerous 
uncoated MCVs (Fig. 6) appeared in otherwise 
normal-appearing epidermal ('ells in all viable 
layers. especially in malpighian cells (Fig. 7J. 
Uncoated MCVs were also seen in basal cells in 
mitosis (Fig. 8) and in the DNA synthesizing 
pe.riod CFig. 9f . However. they were not observed in 
the cytoplasm of dermal cells beneath the tumors. 
in normal epidermal cells near the lesion, or in 
massively infected cells of the malpighian and 
granular layers. 
Specimens taken at I. :2.S, and 19 to 24 hours 
after TdR-H ~ injection were thoroughly searched 
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Ftc.. 6. Electron micrograph illustrates dctnils or Ull · 
coated M ( V. The uuter coat and lateral bodies a rc gone, 
allowint: the core to expand and the nudeoid t t I tu 
hecnme \'isihle. . 130.000. 
for labeled uncoated virions. hut non<• were f(•und. 
However, one ~peeimen taken l hour after injec· 
l ion re,·ea led uncoated MCV;; in malpighian cell~ 
in proximity to H new "viral fal'lory" which was 
labeled wi th »i'lver grains. d(•monstmtinJ.: the tran· 
FtG. -;, Electron minogmph of a granular cell ('On-
tainin~: un£"nalt>d M CV . 11<1. kNatohyalin granules. · 
22},00. 
sit ion from "~econd-;;tagt' unt•oat ing" to new viral 
0:--JA synthesis ( Fig. 101. ~o .. , ·iml ladories" were 
seen in ha<;a l ur granular cells mntaining unt·nated 
virion!'. 
Rr?lntiun of uiml mnl!lration to in{ectf'd tPII 
mot•Pment. The rtosults in Table II indicate that at 
~.5 hours after inject ion of TdH-H 3 the re was 
essentia llv no ditfe reJH'e in the distribution of 
grains in t he malp ighian ;.Jnd granula r la~·ers . with 
4:1 and -t:l percent of lahd s res pectively o\' er the 
"fat'to r~·" a nd 1!J and :!0 percent res pecti\'el~· over 
doublr cavity limns. Tht' decreasNi total gra in 
count in the gra nular la~·er rt'tlerts I he diflicult.v in 
locating dusters of s ilver gmins in the outer layers 
at this time. so that no more than :1 to 5 grains 
appear in random photng"raphs . At HI to :.14 hours 
after TdR-H" inject ion, t he percentage of grains 
over the "factory" fell to :IH percent in th(• mal· 
pighiun laye r a nd to 20 a nd 19 percent respective!~· 
in the granula r a nd horn.v layt>rs. The perce ntage of 
label m ·er mature pa rticles increased to:!;) percent 
in the malpighian laye r a nd to ~19 and :16 percent 
respectively in the granular and horny layers. 
Again. the low total <·ounts in tht• horny layer 
rellN·t decreased initial incorporation of TdH-H " 
in the (lUter laye rs . This hns been obsen·t"<l by light 
mil:rosco pic autoradiogra phy as well Il l. 1:11. The 
relat ivt• increasl' in !!rains over open t'a\'i l ~' MCV 
in the.> horn~· layer may hE• cau~ed by a h i•H'k in 
\1ATI 'HATIO!\ OF \ICV 1!\ \'1\ 0 j i 
Frc.:. 8. Low-power micrograph reveals a dividing 
basal rei! <~onruining unn>utt>d virions t MCV1. Basl.'menr 
mernbrarw I HMl. · 8.400. 
•. , 
., 
.. ~~·.) · 
·· ~.·, 
Fu;. 9. El\'IAR(; hr uftt>r injt•ct ion uf TdR-H' 
re\·eals laln·led nurh•us with unt'llltled ,·inon i · • in rlw 
('_\'l t• plasm . . ~~).(1110. 
FtG. 10. EMARG of a rnalJ>ighian !'ell 1 hr aft e r injec tion of TdH- H '. The llllComted virion~ are heginning to losE· 
th eir identity. and a denH• amnrphou> "vira l I~H:to ry" n mtaining ;; ilvt•r grain~ appears at till' t>dl(e . . -lli.l)(l()_ 
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TABLE II 
Stage of Viral Maturation* 
Total 
Time after Layer WM TdR-H' # of 
grains % 
2\12 hr Malpighian 137 (43%) 
Granular 51 (42%) 
19- 24 hr Malpighian 181 (38%) 
Granular 66 (20%) 
Horny 27 (19%) 
• Stages: WM-without membrane 
OC-open cavity 
SC-single cavity 
DC-double cavity 
NI-not identified 
oc 
# of 
grains % 
73 (23%) 
36 (30%) 
90 (19%) 
76 (23%) 
43 (31%) 
maturation due to movement out of the granular 
layer, but the number of grains is too small to be 
certain. 
DISCUSSION 
These results confirm that in MCV [14], as in 
other pox viruses [15-17], viral DNA is synthe-
sized in electron-dense aggregates or "viral facto-
ries" in the cytoplasm of cells in the malpighian 
and, to a lesser extent, granular layers, but not in 
the basal layer [3-5, 18]. The findings also indicate 
that viral maturation time is extremely variable; 
some virions mature rapidly within 1 to 2.5 hours 
like those of vaccinia (6], but much viral DNA 
persists in the "factory" for long periods before 
maturation occurs, more like Yaba virus [9]. In 
addition, continuous new synthesis of viral DNA 
occurs in infected cells as they move from the 
malpighian to the granular layer [12, 13]. This 
total asynchrony is different from the situation 
described for other poxviruses (61. It may be 
unique for MCV, but more likely it may represent 
the actual in vivo situation since other studies 
were in vitro [6 ]; MCV has not yet been success-
fully grown in culture [19, 20 ]. 
Only 25 to 39 percent of grains were seen over 
mature MCV particles 19 to 24 hours after injec-
tion ofTdR-H 3• Maturation in MCV appears to be 
as inefficient as in vaccinia, which incorporates 
only 25 to 50 percent of viral DNA into mature 
virions during 24 hours in culture [21]. However, 
94 percent of grains appeared over mature MCV 
forms and essentially no labeled viral DNA re-
mained in the "factory" 5 days after TdR-H 3 
injection. This indicates that in reality the matu-
ration system is quite efficient when sufficient 
time is allowed. Nothing is known about the 
factors controlling MCV maturation, but in this 
study maturation appeared faster in the outer cell 
layers where the cells move into the dead horny 
layer in 1 to 2 days (12]. 
Poxvirus infection shuts off nuclear DNA syn-
thesis of asynchronous cells in culture [22, 231. In 
sc DC NI grains 
# of # of # of counted 
grains % grains % grains % 
48 (15%) 60 (19%) 2 320 
10 (8%) 24 (20%) 1 122 
82 (17%) 115 (25%) 3 (1%) 472 
54 (16%) 127 (39%) 6 (2%) 331 
17 (12%) 50 (36%) 3 (2%) 140 
synchronized cells in culture, however, the effect of 
poxvirus infection is to decrease but not com-
pletely abolish nuclear DNA synthesis [24]. Con-
trary to previous suggestions [6], although the 
number of mitoses is decreased, cell division 
occurs after viral infection. In the present study 
viral "cores" were seen in basal epidermal cells in 
both the DNA synthesis and mitotic phases of the 
cell cycle, suggesting that viral infection does not 
stop nuclear function completely until it has 
initiated a "viral factory" in the malpighian layer. 
The mechanism by which MCV infects epider-
mal cells has long been a matter of conjecture. 
Sutton and Burnett [25] suggested it occurs exter-
nally, because they found no evidence of viral 
infection in any dermal cells. They described 
nuclear inclusions in malpighian cells as an early 
sign of cellular infection. Recently, uncoating of 
virions, found to occur following infection of cells 
by poxviruses [6, 26], has been observed in MCV 
after phagocytosis in vitro [19, 201. This uncoating 
process is not the reverse of maturation (6]. It is 
thought to require two stages [26-28], the first 
being removal of the outer coat to give a morpho-
logically distinctive viral "core." When MCV 
infects cells in vitro, "first-stage uncoating" takes 
place but the rest of the infectious cycle does not 
occur [19, 20 ]. In this study viral "cores" were 
observed in otherwise normal-appearing cells in all 
viable layers of the epidermis, but "second-stage 
uncoating" with "viral factory" formation was 
recognized only in the malpighian layer. Appar-
ently infected basal cells, which are seen frequent-
ly, must move upward into the malpighian layer 
before "second-stage uncoating" can be initiated; 
and in granular cells, which are in the final stages 
of cell differentiation, "second-stage uncoating" 
does not seem to take place. 
The finding of viral "cores" in all epidermal cell 
layers within the tumor also bears on the question 
of how epidermal cells are infected. Two major 
possibilities exist: (1) cells are continuously in-
fected by ce\1-to-ce\\ contact, as described for 
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other poxviruses [29, 30]; or (2) infection occurs 
only in basal cells and the "cores" remain in a 
latent phase until the cells move into the malphi-
gian and granular cell layers, although prolonged 
latency has not been reported for other poxviruses 
[6]. Our failure to find labeled viral "cores" might 
suggest that cells are infected at once, and reinfec-
tion does not occur in the same skin lesion. It is 
possible, however, that sporadic infection of 
healthy malpighian cells occurs with rapid " un-
coating" and "viral factory" formation; this event 
could easily be missed due to the enormous 
sampling error inherent in electron microscopy. 
Another possibility is that new viral infection 
takes place at a time not sampled in this study, 
namely between 2.5 and 19 hours after new viral 
DNA synthesis begins. Studies in progress will test 
these ideas. 
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